Objective: To compare, in terms of their demonstration of tears of the anterior glenoid labrum, oblique axial MR arthrography obtained with the patient's shoulder in the abduction and external rotation (ABER) position, with conventional axial MR arthrography obtained with the patient's arm in the neutral position.
artly because of the discrepancy in size between the large, round articulating surface of the humeral head and the small, shallow articulating surface of the glenoid fossa, the shoulder is intrinsically unstable. The reported incidence of shoulder dislocation is 1 2% (1), with dislocations in the anteroinferior direction accounting for about 95% of such occurrences (2) . In young patients, dislocations may recur and cause major clinical disability. The diagnosis of anterior glenohumeral instability and anterior labral tears on the basis of acquired images may be particularly challenging.
There have been many attempts to accurately evaluate anterior glenoid labral tears (3 10) . In contrast to the radiology literature, which has reported that they are accurately detected by MR imaging in over 90% of cases (3 7) , the orthopedic literature has claimed that the accuracy of this same modality is between 59% and 75% (8 10) . The role of MR imaging in the diagnosis of these tears has thus remained controversial. At first, the focus was on optimizing scanning protocols, and studies indicated that in depicting the labrum, multiplanar gradient-echo imaging provided better resolution than conventional spin-echo imaging (11) . In a subsequent study by Chandnani et al. (3) , MR arthrography was shown to be more accurate in evaluation of the glenoid labrum; they reported a sensitivity of 96% for this modality, compared with 93% and 73% for MR imaging and CT arthrography, respectively. Palmer et al. (12) later reported the sensitivity and specificity of MR arthrography as 91% and 93%, respectively. Studies have involved the use of both highvolume saline solution (13) and dilute gadolinium (3, 12) .
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To improve even further the accuracy of MR imaging in depicting the labrum and labral tears, reports have focused on the positioning of the shoulder and have suggested that abduction and external rotation (ABER) provide greater sensitivity than conventional basic scanning parameters with neutral shoulder positioning and nonrotation (14, 15) . Tirman et al. (16) suggested that imaging of the shoulder in the ABER position was better for assessing suspected anterior labral tears.
In this study, we compared ABER MR arthrography with MR arthrography in the neutral non-rotated position in the evaluation of the antero-inferior glenoid labrum.
MATERIALS AND METHODS
Thirty-five patients with a known history of recurrent anterior shoulder dislocation causing significant clinical disability underwent MR arthrography. Five were unwilling Choi et al.
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or unable to maintain the ABER position and so were excluded from the study. Of the 30 remaining, 25 were men and five were women, and their ages ranged from 15 to 31 (mean, 21.8) years. Eight patients received surgical treatment: five underwent arthroscopic examination and capsulorrhaphy, and in three, open Bankart repair was performed.
For MR arthrography, a 24-gauge spinal needle was inserted into the glenohumeral joint under fluoroscopic guidance, and a solution comprising 0.1 mL of gadopentate dimeglumine (Magnevist; Schering, Berlin, Germany) and 25 mL of saline was injected. The patient's arm and shoulder were moved through a full range of positions, and to ensure good joint distention with adequate gadolinium concentration, imaging was performed within one hour.
For this, a 1.5-T scanner (Magnetom Vision; Siemens, Erlangen, Germany) with a small flex coil was used, and fat-suppressed, T1-weighted axial, oblique coronal, and oblique sagittal images were obtained with the patient's shoulder in the neutral, non-rotated position (TR/TE: 615-855/12-20 msec, 3 mm section thickness, 1 mm intersection gap, 256×192 matrix, 14 16cm field of view, two excitations). For the ABER position, patients were instructed to place the hand of the affected extremity posterior to the contralateral aspect of the head or neck with the elbow flexed (17) . In this position, a T1-weighted coronal localizer sequence was performed prior to T1-weighted oblique axial imaging parallel to the shaft of the humerus.
The MR imaging findings were reviewed by two radiologists specialized in musculoskeletal radiology, who reached a consensus regarding each sequence. For each position, the degree of tear or defect of the anterior glenoid labrum (AGL) was recorded independently using a three-point scale: grade 1 for normal (when evidence of an AGL tear was equivocal); grade 2 for probable tear (diagnosed when subtle increased signal intensity of the labrum was observed, Fig. 1) ; and grade 3 for definite tear/defect (when a definite contrast material-filled gap between the labrum and the glenoid rim or deficient labrum was apparent, Fig.  2 ). Scores for each imaging sequence were added and averaged, and to compare the efficacy of axial and ABER imaging sequences, Student's t test was performed. Additionally, a record of any accompanying findings (Hill-Sachs defect, osseous Bankart lesions, SLAP lesions, for example) was kept, and clinical records were reviewed for surgical findings.
RESULTS
The sign of tearing of the anterior glenoid labrum, as revealed by MR arthrography, was the presence of a contrast material-filled gap between the labrum and the glenoid rim. The results are summarized in Table 1 .
The average grade was 2.5 (SD=0.73) for axial images and 2.8 (SD=0.46) for ABER position images; Student's t test showed that the difference between the two modalities was statistically significant (p < 0.05).
ABER positioning during MR arthrography aided in the visualization of AGL tears (Fig. 3, 4) . Detachments of the anterior inferior glenoid labrum were usually visible on axial MR arthrograms, but were more clearly depicted when patients were in the ABER position. In all cases, ABER positioning during MR arthrography indicated that the taut inferior glenohumeral ligament (IGHL) exerted a tensile force on the anterior labral ligament complex.
Additional findings were as follows: compression fracture of the superolateral aspect of the humeral head (i.e. Hill-Sachs defect) was present in 25 cases; osseous Bankart lesion, seen as a fragment of labrum attached to the anterior band of the IGHL, in seven; superior labral anterior and posterior (SLAP) lesions in four; complete tear of the supraspinatus tendon in one.
DISCUSSION
Stability of the glenohumeral joint, the most common site of dislocation in the body, is maintained by various mechanisms. One is the anterior capsular mechanism, comprising the glenohumeral ligaments, anterior portion of the labrum, anterior joint capsule, scapular periosteum, synovial membrane and related recesses, subscapularis muscle and tendon, and bursa. Another is the posterior capsular mechanism, composed of the posterior labrum, posterior joint capsule, scapular periosteum, synovial membrane, recesses, and supraspinatus, infraspinatus, and teres minor muscles and tendons (14) .
Conventional MR imaging, which allows direct visualization of major anatomic structures, has been traditionally used in the examination of patients with shoulder instabili-
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In efforts to improve visualization of the glenoid labrum and the detection of tears in the AGL, MR imaging has been complemented by MR arthrography, traditionally performed with the shoulder in the neutral position and without rotation. Generally, this position has proven adequate in revealing these tears, though because the IGHL is relaxed and redundant, some tears may be anatomically closed and not visualized (15) . In the ABER position, however, traction is placed on the inferior glenohumeral labralligamentous complex, and an occult labral tear may thus be demonstrated (14, 15) . Most AGL injuries occur at the point of labral-ligamentous attachment to the glenoid rim and are due to injury to an abducted and externally rotated shoulder. Placing the shoulder in the ABER position stresses the inferior glenohumeral labral-ligamentous complex, with tension on the anterior band of the IGHL, and the visualization of small tears or detachments of the AGL after contrast material has extended into the tear or defect during MR arthrography is more likely.
Our findings are consistent with those of other researchers who have shown that MR arthrography of the shoulder in the ABER position allows better visualization of tears in the AGL (14, 15) . In our study, however, we also determined the efficacy of ABER MR arthrography in revealing the degree of tear or defect of the AGL by grading the degree of tear. Our results indicate that this modality was indeed more efficient. Preliminary reports also suggest that the ABER position is valuable in the detection of partially healed labral tears, in which the surface of the tear becomes resynovialized even though the labral-ligamentous anchor remains competent. These tears may not be filled with contrast solution at neutral axial MR arthography, but because the labrum is more likely to become displaced from the glenoid rim, may be depicted on ABER images (15) .
ABER imaging is subject to certain limitations. Approximately 20% of patients may be unwilling or unable to assume the ABER position because of shoulder pain or apprehension (15) , circumstances which in our study led to the exclusion of five patients. Even experienced technicians require substantial extra time for positioning, as well as for coil placement and ABER image acquisition, and the ABER technique can thus be time consuming, adding at least ten minutes to the routine MR protocol.
The limitations of our study are the small number of cases and the fact that only eight patients underwent surgical intervention. We were therefore unable to compare the sensitivity, specificity and accuracy of axial and ABER MR arthrography. However, all 30 patients had a clinically documented history of recurrent anterior shoulder dislocation causing significant clinical disability, and in most, additional findings such as Hill-Sachs defect or osseous Bankart lesion were highly suggestive of prior dislocation. Our study could be criticized because our patient population was confined to those with anterior instability, shoulder pain thus being excluded as a selection criterion, and one reason for the lower prevalence of nondetached tears we report may be this selection basis.
In conclusion, when equivocal features such as subtle increased signal intensity in the labrum or no evidence of tear are seen on conventional axial MR arthrograms, in spite of definite clinical disability, an oblique axial imaging sequence should be performed with the patient's shoulder in the ABER position. Additional imaging sequences in this position may be especially helpful to radiologists who are not fully experienced in the interpretation of images of AGL tears. Furthermore, accurate evaluation of the degree of tear or defect of the AGL may help in the planning of surgical intervention in patients with anterior shoulder instability.
